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ABSTRACT 

The reform movement in science education as 
characterized by the development of new science curricula in the 
1960s is analyzed in this information bulletin. An overview of the 
historical context and the financial extent of the movement is 
presented. Perspectives on the curricula are offered in a question 
format. The questions include: (1) what did we leaxn? (reviewing 
gains and criticisms associated with the new curricula); (2) how were 
they different? (enumerating the common characteristics of the new 
and traditional curricula); and (3) what are the implications for 
today? (listing recommendations for the improvement of science 
education). The goals of science education in the 1960s are compared 
and contrasted to the goals of the 1980s and beyond. A summary 
statement of the goals of science education and a checklist for 
assessing whether the goals are reflected in classroom practices are 
also included. Biology topics and goals are offered as examples. 
(ML) 
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R&D INTERPRETATION SERVICE BULLETIN 

SCIENCE 

Curriculum Developnient Projects 

off the Sixties 



UESTION: mat 

became ot the curriculum 
developmertt prelects of the 
19G0S? How effective were they? 
What Od we lean from them that 
wiK het^ teachers h today's 
classroorr^? 

During the Golden Age of 
Science Education (1955-1974), 
put}lic and private funds poured 
into new science programs, 
college campuses teenried with 
teachers taking science and 
mathematics refresher courses, 
and students enjoyed dramatic 
gains in science achievement and 
in improved attitudes toward 
science (3, 5). 

Today we face a crisis in 
science education that is similar to 
the crisis we faced in the 1950s 
(1). When our students are 
compared to students in the 
Soviet Uniai, Japan, and some 
West European countries, the poor 
standing of American students is 
cause for national concern. It ha& 
been called a "national tragedy." 
Most American students "lack a 
solkl fbundatKKi for further 
training; they cannot even apply 
basic mathematics and science to 
simple jobs" (6). 

To more fully appreciate the 
relevance of the curriculum 
devetopment projects to our 
cun^nt crisis, we need to k)ok at 
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OVERVIEW 

The GoMen Age of Science was 
a response to a crisis in American 
science educatk>n. The Russian 
Sputriik proclaimed Russia's 
scientific and technotogical 
superiority to the worid, and 
Americans reacted with the 
devetopment of new science 
curricula in an attempt to meet the 
challenge presented by the 
Russians. Over $100 millton was 
spent in the 20-year period. Once 
^^ain, educators and scientists are 
warning that American sderce 
educatton is lagging behind the 
rest of the industrialized worid. 
What dkl we learn from the 
prevtous round of reform that can 
help us meet today's challenge? 
Here we discuss the science 
curriculum devekVi.Nint projects in 
their historical context, what they 
^Aught us, and how we can use 
what we lean)ed. More infbmrMitton 
about science education can be 
found in Research \Mthln Reach: 
Sconce Education, devetoped by 
the Research and Devetopment 
Interpretatton Sen/toe (3). The 
numbers in parentheses 
correspond to references listed at 
the end of the article. 
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the events that proceeded and 
followed them. Even before the 
end of Worid War II, American 
scientists and science educators 
were troubled about the superiority 
of other countries' educattonal 
accomplishnoents, parttoulariy 
those of the Soviet Unton. It was 
not until the Russians launched 
Sfkitnik in 1957, however, that the 
problem became one of popular 
nattonal concern. 

The Nattonal Science Foundation, 
established in 1950, became the 
vehicle through which federal 
nrK)nies were funneled into 
curriculum devetopment projects, 
fn 1954 its cumculum 
devetopment budget was a mere 
$1,725. The increase in cuniculum 
devetopment funds over the next 
20 years v^as phenomenal. The 
figure grew to $15,000 in 1955, 
and to $500,000 by 1957. In 1959, 
the Foundation's budget for 
curriculum development had 
grown to r lightly less than $5.5 
millton. By 1968— the peak year— 
the figure was just under $12.25 
millton. Overall, rrwe than $117 
millton was spent for 53 separate 
projects from 1954 through 1975(4). 

By the mid-1970s, America 
appeared to have regained its lead 
over the Soviets in space 
exotoration. The American public 
wa no longer concerned with 
science education; new political. 
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economic, and aociat pressures dainrted the public's 
attention (3). By 1976, National Science Foiindation 
funds for teacher education had t)een tenninated. The 
Gk)iden Age of Science Education ended abojptly. No 
major cunriculum projects have been funded by the 
National Science Foundation for the past several years 
(1). 

WHAT DID WE LEARN? 



HE SCIENCE CURRICULA DEVELOPED IN 

the 1960s are still controversial. Critics say 

that the curricula failed and, furthermore, that they are 
responsible for declining student scores on 
standardized achievement tests. Proponents say that 
students learned ntore and enjoyed science more. 
They fM that the curricula were denied an adequate 
trial. Who is right? What do we really know about the 
effects of the cunricuia on students? 

The National Science Foundation asked such 
questkxis about the curricula devek)ped with its 
support. After the I97u cutoff of funds, it sponsored 
three large-scale status studies to determine the 
impact of the new cwicula: a natk)nal sun^y of 
teaching practices, an intensive case study analysis of 
11 school sites, and a review of t^5 research literature 
from 1955 through 1975. Also in the 1970s, the 
Natk)nal Assessment of EducatkKial Progress 
published the results of a large-scale investigatk>n Into 
An>erican students* edentitiC knowledge and attitudes 
toward science Numerous smaller studies are still 
compiling and reporting infomnatton comparing student 
outcomes of the new and traditk)nal cunlcula. Rnalty, 
meta-analysis has given researchers a method to 
simultaneously compare the results of many studies. 

This is what we know. Students expoeed to the new 
cunlcula showed an increase in edentific knowledge 
and skills across grade levels and in all science 
disciplines. Qains were evkJent regardless of indivkdual 
student, teacher, or school characteristics. 
Furthemxxe, these students devek)ped better attitudes 
toward science than students who had traditk>nal 
courses (1, 3, 4, 5). 

Let's compare some of the ^itiMii^ of the curricula 
with the actual results of the evaluatton rasearch (5): 

Criticism: Th0 nm currlcuk clU not produce 
achievement In the eclenoee because they emphasized 
process am content. 

Analysis of the evaluatton reeaarch shows that 
achievement ecores of students expoeed to a new 
science curriculum raieed 14 percentile points. The 
increase was consistent anrtong elementary. junk)r 
high, and high school students. Female students, 
urban students, and k)w and high SES students 
showed the greatest achievement score gains. 
Criticism: The new edence currictjda were 



responsible for declining scores on standardized 
achievement tests. 

Most of the new curricula were r>ever adopted by 
echool systen^, and no single new curriculum was 
adopted on a large scale. In fact, none was adopted 
by more than 25% of the school districts in the nation. 
These k>w adoptton rates, coupled with the data on 
enhanced achievement of students who were in the 
new science cumcula, make this criticism unfounded. 

Criticism: Students need to return to the "bas/cs. " 
The new cunicula*s emphasis on process and 
analytical sMKs detracts from Iwning content. 

Again, the evaluation research makes this a difficult 
positk)n to defend. When researchers k>oked at 
studem achievement in related skill areas, they found 
that "student performance in related skill areas at the 
elementary level was greatly enhanced t)y the new 
science cunricuia*' (5). The related skills in which 
students showed gains included mathematics, reading, 
social studies, and oral and written communication. 

HOW WERE THEY DIFFERENT? 
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HAT MADE THE CURRICULA DEVELOPED 
during this period different from traditional 
cumcula? In a comparison of the two, researchers 
defined new science curricula as programs that 'were 
dev ^;oped after 1955; emphasized the nature, 
structure, and processes of ecience; integrated 
laboratory activities into course discussk)ns; and 
emphasized higher cognitive skills and an ap'^reciation 
and understanding of the nature of science." 
Traditknal cunricuia were thoee that were devetoped 
before 1955 (or patterned after these programs); 
"emphasized knowledge of ecientific facts, laws, 
theories, and applicattons; and used laboratory 
activities as veriflcatk>n exercises or secondary 
applicatkKis of concepts previously covered in class" 
(5). 

Numerous cunlcula were devek)ped, but they all 
had sonr>e common characteristics (3): 

1. Scientists, educators, psychok)gists, and teachers 
joined forces to write texts and devek)p the curricula. 
The new curricula, then, were a combination of the 
latest research-based infbnnatton on learning, 
teaching, and the various scientific disciplines. 

2. Teacher gukJes and insennce training focused on 
methods and strategies designed around learning 
theories. There was less emphasis on having students 
memorize facts. 

3. Laboratory activities were nrK>re than verification 
exercises. As an integral part of the class discussions, 
laboratory exercises emphasized the development of 
higher cognitive skills and an appreciatk>n of science. 

4. The new cunlcula emphasized the nature and 
pn)cesses of science. Students and teachers devoted 



much of their dass time to "identifying the central 
themes, the conceptual schemes, the unif/ng ideas, 
and the patterns of thinking of each of the science 
disciplines." 

Befbre the new science curricula, the textlxx* 
defined the school science program, as it does again 
today (8). The textt)ook detemiines the content, the 
order, and the app!ication of the content of science 
instmction. Yet most experts in science education 
warn that, unless science is taught in relation to the 
individual and to society, we will continue to fall 
behind in scientific advancenwits and in meeting the 
challenges of modem society. 

WHAT ARE THE IMPUCATIOHS 
FOR TODAY? 



in p ONE RECX3MMEN0S ADOPTING THE 

I 1 1960s curricula across the board. The issues 

and goals of scier;e education are different in the 
1980s, as Table 1 shows (3). The world crises we face 
now outshadow the embanB3sment we faced as a 



nation in the 1950s. Acid rain, nLXlear anns, "star 
wars" weapons - threats to the quality of life if not to 
our existence — are the issues we will have to 
consider as we strive to improve the scientific literacy 
of our students. 

Many suggestions for improving science education 
have emerged from a study of the science cumculum 
development projects of the 1960s. "Project 
Synthesis" was the research effort of 23 science 
educators to synthesize and interpret more than 2,000 
pages of information from the three National Science 
Foundation status studies and the National 
Assessment of Educational Progress report mentioned 
earlier. What Research Says to the Science Teacher 
reports the group's findings and urges teachers, 
administrators, and other concerned citizens to work 
for changes in science education. The report makes 
recommendations such as these (2): 

1. Set rtew goals for science education that take into 
account the complexities of modem society. School 
science shouM be much more than a preparation 
of a tew students for further study in science. 

2. Design science curriculum to meet these new 
goals. Focus on student experiences, technology, 
and the concems of indivkluals and the society. 



Table 1 



Goals of Science Education 
in the 19608 Compared 
to the Goals of the 1980s and Beyond 



During J)e 1960$ 

1 . The demand was to produce more scientists and 
engineers to solve perceived problems. 



2. Programs were designed to meet the goals of past 
times in each of the science disciplines. Acquisition 
of knowledge was still important. 

3. Science was taught as a means of advancing 
knowtodge and explanation. Science was therefore 
preparing future scientists. 

4. Science and science education were oriented to tho 
present and immediate past. 

5. Science education concentrated upon the 
development of cognitive skills. 

6. Science was viewed as value-free, empirical 
science. 

7. Science demanded linear thinking and emphasized 
inquiry skills. 

8. The (K>als of science teaching were intemal to the 
various disciplines of science. 
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During the 1980$ and Beyond 



The needs are related to current social problems 
rooted in science and technotogy, e.g., depletion of 
energy sources, tear of nuclear energy, genetic 
engineering. 

2. There is an urgent need to recognize current 
societal problems. The knowledge that should be 
consktored important is that whteh will be useful 
and relevant to the sdutfon of social problems. 

3. Science and technotogy are considered to be a 
nteans for improving society. Science education 
therefore shoukj be preparing the future citizens. 

4. Science and science educatton must be oriented to 
the future in light of its potential impact in helping 
to resolve societal problems and concems. 

5. Science educatton must focus not only on cognitive 
skills, but upon affective, ethical, and aesthetic 
understandings as well. 

Today's science is more accurately portrayed as 
value-laden science in whk:h there are nfK>ral and 
ethical dinrmistons. 

Science must be concerned with systemic thinking 
and emphasize deciston-making skills. 
The goals of science teaching are derived from the 
interaction of science, technology, and society. 



SCIENCE 
Coals of Sclonco Education 



Goals, implM or exprassed. are rvflocted in practice. 
Practices evident in science dassroonns today reflect goals 
that were established over two dec^de8 ago: goals that 
locus on knovvledge. Consequently, science education 
prepares students to pursue further studies in science and 
engineering. Other goal areas of science education » 
personal needs, societal needs, and career awareness — 
are largely ignored t>y dessroom practices and in the 
textbooks (2). 

What difference does it make? It makes a difference in 
what we expect students to learn. If we prepare students for 
furthr study, we expect them to learn discrete pieces of 
informatk>n. If we incorporate personal and societal needs in 
instructkxi, we expect students to know how the knc^rledge 
they've gan.ed relates to them personally and to society in 
gerveral. If we include career awareness as a goal of 
instructkxi, we expect students to know that a variety of 
careers exists in research and supportive vocatk)ns, such as 
the work of technicians, computer programmers, and 
equipment designers. Students then have an opportunity to 
devetop an interest in, and expkxe the possibility of, careers 
in medicine, horticulture, or animal care, for example. 

The table betow shows how student outcomes differ in 



three goal clusters for some biok)gy topk; areas If our goal 
is for students to learn scientifk: kJeas and processes — 
infbnT)atk)n that woukJ be necessary for advanced study in 
bk)k)gy — we woukJ concentrate on the Salient Knowledge 
Goal Cluster (column 3). In genetk». we woM expect 
students to be able to list some of the factors that may 
increase mutatk)ns. If vi/e expand the goals to include the 
Personal Needs Goal Cluster (column 1), we wouM expt.. 
students to understand how the transmisskxi of genetic 
diseases and birth defects coukJ affect them personally. If 
we go a step further and include the Societal Issues Goal 
Cluster (column 2), we woukJ expect students to know how 
genelic principles can be used io improve plants and 
animals. 

How are theee goals reflected in the classroom? A biology 
classroom thet emphasizes personal needs, social issues 
and career awareness, as welt as salient knowledge, has 
certain distinguishing characteristics (1). We've listed these 
characteristics in checklist fbnm so you can determine how 
welt your instnictk)n reflects current goals. Keep iii 'nir>d that 
although we have choeen biok)gy as an example, mi ct\ of 
this discusskKi is general and can be applied to ot^^'^r areas 
of science. 



STUDENT OUTCOMES 
In Three Goal Ctwtert 



Topic Area 


(1) 

rvfaonM neeoe 


(2) 

Societal laaues 


(3) 

Salient Knowledge 


Genetics 


Can intarprsl basic concepts of human 
gsnstics as they relate to susceptitxiity, 
transmission, pro^)abitity and meaning of 
tkft) dsfscts, gsnstic diseasss, aixj 
health mainionance. 


Knows that genetic pnixtples can be 
applied to improving plants and atttmats. 


Knows some factors that may irKrease 
mutations 


Nutrition 


Knows the long-rar^gs sffscts of poor 
dists (anorexia, prsnatal nutrition, aging, 
hyperactivity arxj msntal ability) and 
recognizes the changes necessary to 

improve the diet. 


Knows about and supports research for 
the Improvement of food products and 
nutntjon. 


Knows the classes of foods (fats, 
proteins, cartx)hydrales) and their 
biok)gical functions in maintainirig 
growth, energy, and health 
requirements. 


BehavkK 


Appreciates that human behavkx is 
Influenced Kyy a wkte variety of 
interacting facM)cs: tfie natural, social, 
and cultural environments; genetic 
makeup; Me experienoee, persor^al 
facton (eex): and teaming. 


Knows the conditx>ns and effects of 
chemicals (dnigs like alcohol and 
tranquilizers, nutrients, etc.) used to 
modify human behavior and the need 
for social controls. 


Knows that behavioral patterns are 
distinctive within fpecies and between 
species Ondividual and group patterns), 
but ttwt there are commonalities within 
species. 


Continuity 


Understands that the continuity or 
human Hfe on earth is mainuyned 
through a prooees of reproduction. 


Recognizes that human population 
growth can seriously Influence the 
quality of Hfe in various ways (economic, 
eooat, food, energy, etc.) 


Understands the processes of 
reproduction, sexual and asexual 


Ufe Cycle 


Appreciates the unk^ie and tpeciti 
aepects (both poeitive and negative) of 
the various life stages. 


Understands how achieveownts in 
ecience, especially bk)logy, may 
influence the Hfe cyde of human 
beings. 


Knows patterns of development among 
plants and animals. 



Energetice 



Knows that the energy exchange 
eystem within human beings is related 
to a larger energy cyde that makes it 
poeeible for all forms of Ife to survive. 



Identifies and evaluates the ways that 
human beings may Influence the energy 
cyde through changing the bion>ass 
(green revolution, hybridization o^ 
improved nltrogen-flxino plant species, 
etc.) 



Understands the significance of vanous 
pro ce s s e s of bioenergetics, such as 
photosynthesis, rsspiration, digestion, 
drculation, enzymatic reactions, and 
chemicai cycles (nitrogen, oxygen, 
carbon dioxide, etc.) 
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TEACHER CHARACTERISTICS 
YES NO 

Ptrtonal Nttds (Soils art 



I n cofpoffd in tntUuctlon: 

1. 1 solicit and tdwate conflicting 

views as long as students 
support their views with facts. 

2. 1 use classroom discussions to 

enhance interpersonal and 
communication skills. 

3. 1 don't force closure on 

issues, rather I introduce new 
intonnation. ask open-ernjed 
questk)ns, and express my 
own opinions appropriately. 

4. 1 use both indivMual and 

group activities effectively. 

5. 1 respect and care for 

adolescents, and I relate the 
content of the course to 
indivkjual problems. 

Sodetal Issues are Incorporated In lnstnictk>n: 

6. 1 Show students how group 

dynamics in the classroom 
can be applied to social 
issues. 

7. 1 encourage group problem 

solving, cooperative 
deciskximaking, nnd conflict 
resolutk)n. 

8. 1 recognize and encourage 

students to take an active role 
In the classroom, the school, 
the community, and society. 

9. 1 am aware of current social 

problems, recognize their 
relatkxiship to bk)k)gk:al 
knowledge, and see possible 
avenues of resolution. 

Salient Knowledge Is Incorporated In kiatructlon: 

10. 1 know the concepts of 

bk)logy and can relate these 
concepts to personal needs 
and societal issues. 

11. 1 know the basic concepts 

of related disciplines 
(psychok)gy, eock)k)gy, 
economics, anthropology) 
and recognize their 
relevance fbr teaching 
bk)togy in a human context. 

12. 1 assume responsibility for 

contributing to curriculum 
devek)pment and for 
updating my own skills and 
knowledge, both of which 
are ortgoing processes 
necessary for f^aching 
problen>-centered, actk>n- 
oriented, personaPsoclal 
btotogy. 

Career Awareness Is Incorporated In Instruction: 

13. 1 give students informatk^n 

about bictogy-rslated 
careers or direct them to 
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appropriate sources of 
infonnation. 
14. 1 use community resources 
(places where bk)k)gists are 
empk>yed in different 
research, professional, 
technotogical, and industrial 
fiekte) to devek)p career 
awareness in students. 



CLASSROOM PRACTICES 

15 



I use a problem approach to 
organize the cumculum and 
instruction, that is, bk>k)gical 
knowledge and science 
advances are presented in the 
context of social problems and 
issues. 

16. 1 indivklualize instruction as 
necessary to meet students' 
needs. 

17. 1 encourage students to work 
cooperativety to resolve 
problems and issues. 

16. 1 provkJe opportunities for 
experiential, fiekkNiented 
laboratory activities. 

19. 1 require students to kx:ate 
InfbrmatkKi sources or to 
discover inf6nnatk>n as 
appropriate. 

20. 1 place more emphasis on 
decisk)ns or oor'sensus based 
on ethical and moral 
oonskleratk)ns than on 
conclusk)ns. 

21. 1 view laboratory activities as a 
beginning to thought, action, 
experience, and learning. 

22. 1 believe that my classroom is 
a tool to help students see the 
interconnected' 'tess of events, 
people, and bk)k)gk:al 
knowledge. 

23. 1 emphasize the use of the 
natural environment, 
community resources, and 
students as ot>iects of 
lnvestigatk>ns; new equipment, 
supplies and facilities are of 
secondary Importance. 

24. 1 evaluate student 

perfomnance in tenns of the 
student's ability to (a) apply 
biok)gical facts to personal 
needs and societal issues, 
and (b) formulate rational 
derisk)ns in the context cf 
personal needs and societal 
issues. 
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3. Give attention to teacher preparation and inservice 
programs. Teachers must have support and 
assistance so that the new goals ^wl new 
cunicuium can be internalized. . 

4. Incorporate research findings in curriculum design, 
in texttxx)ks, and in instnictional methods. 

5. Evaluate the effectiveness of new programs. We 
can't afford to leave important decisions about 
science education to whim or chance. 

6. Seek out and study exemplary teaching and 
science programs locally. We can all benefit from a 
study of techniques and materials that work. 
ObvkHiSly, these recommendations will require the 

cooperatton of the larger community of educators and 
researchers over a period of years. There are things 
teachers can do today — now — to take advantage of 
what we've learned from past efforts to refbmn science 
educatfon (4. 7): 

• Make science relevant and interactive in your 
classroom, introduce societal and indivklual concerns 
into the instructton. Focus on laboratory activities, 
study gukles, and materials to supplement and expand 
the content of textbooks. Broaden the goals of science 
instructkxi beyond preparing students for the next 
academic level. 

• Work for curriculum invrovements within your 
school and focal district. Beconr)e familiar with methods 
and texts that have bean researched and tested. 
Recomnf)end and woric for their adoptfon. 

• Read professfonal journals and research synthesis 
reports to keep inlbrmed of new methods, new issues, 
and new materials. Discuss what you read with other 
teachers and with your students. Be flexible; use 
research-based strategies and materials in your 
classroom. 

• Join focal chapters of professfonal organizatfons 
for science educators. Organize other teachers in your 
school and district who share your concerns and 
phik>sophies. Exchange kleas and wori< together to 
implement change. 



SUMMARY 



EVIEW OF THE PAST IS RELEVANT TO 
our present probtems in science education. 
Studies indicate that American students lag behind 
students in other countries in mathematk:s and 
science. We know, too, that our students today do not 
compare favorably with American students of 
generatfons past. During the 1960s, we attempted to 
improve science educatfon with a series of science 
curriculum devefopment projects. Although these 
projects faced severe criticisms, an analysis of 
research studies on their effectiveness shows that 
students' achievement improved and their interest in 
science increased. Even though the content of the 
cunrfoula may no fonger be directly applfoable to 
today's sdence classrooms, the principfos underiying 
the devefopment of the curricula are. 
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